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© Process for preparation of poryphenylene-eumde resins- 

® ***** * a P-ess for tt* prep^ on ZZZZSXSl 
expound is reacted w«h an alkali metal ^ da '^ d ^J^ 8 _^ £S A polyphenylene-eulRde resin 
hydrosulfide and an alkaT. metal base in the «* « ^£^EeTS5*iSlD *e methylene chloride 

Sv.no a cyclic oligomer content lower than is* : ^^Jf^^^Xnen^oon aid, (b) using 
extr^ion method. Is obtained by ^^^J^^m^l 5 to^^Jhalide compound, and 
The amide polar solvent In an -no** m*i larger ^L°^, Iqoid sepkreion at a temperature ot 

(c) subjecting the polymerization iquld obtained ^^ rea fJ )n J 0 i ^separated solid with the solvent 

SeVleaatsO-C but below the boiling point of the ^^^^^^"'"^J^S^int 
used tor the reaction, which Is heated at a temperature ot at least WC but below rts boiling po 
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PROCESS FOR PREPARATION ™ — r^-SMJIPE RESINS 

— ^ ™ bn™™ed Mocsss for the preparation of polyphonytene-sutflde 
The present Irrvention relates to ^ ,^^ n ^r^roTpOtypr«nytene^uHide resin ere 

effecfivahr removed and a polyphenylene-auinae ran is J" jnoraanlc filter and Kneaded by an 

of a gac to controlled when *oj^nte m^d ^. 9 '^^^^ 1 ^^ ng1h can be formed Iron 
extender and further in lhat molded bodies having h^hly approved meowuoai sjreny 

the resin- , „ rn-iniv as resins for Infection molding, but 

Polyphenytene^Wde resins ^^^T^J^^ £ TZ£ S, the resumng 
these resins have the drawback tt ^J^^/^^ W1 °j!^ su^gth. Accorthigly, the 

molded snide has insufficient ^T.no bX^or^th^VS^ such as glass 

potyphenylene-*^* ^ "^er^ used tf£ ^J^J^^^ cnrbanate fa generally 
fiber or carton fiber. Furthermore, an morgan* ^^J^L, 3^ soo-C is ordinarily used for 
incorporated in the pdyp^yl^^mde ^^T^^S^^^r- However. » kneading is 
kneading the p<, l yph e n y to^ ] «ida^n^ h ^ £ ^^^^ ^ i3 gyrated at the vent 
turfed out or such a high ^P er ^ ' ^ h ^.r f ^*T^or«rry affected. Even in the case of a 
of the extruder, and therefore, the ertvUwmenti is oft ^jf^'L^^ imB ^ strength Is still not 

' _j_«o*ead with the ab o vo m en tioned reswear, me impact »u«w<" 

polyphenytene^ulfide roam reinforosd ^V^J™ 0 ^; molded article, Improvement of the 

sufficient and Improvement Is a^"**^ 3 ^^ sbong* . especiany the Impact 

impact strength is eagedy ^^f^T^^^i ^SnT^^°^ n <* 

strength, of po.yphenylene^utfde to. ^SnSn^S X^^-^e. tt te necesSery ** 
polyphBnytene*,lfide, To Increase the P dl >T™^L*^^SSnrtd auch as a IHWum hands, an 
the reaction is earned out In ^^JtZ^^^- ^^^ ^ P°V»«nzallon M 
alkali metal cortoxytate or an alkali metal ««°n*f- ** "*J!T I™* polyhBlide compound, and ills 
,s used in such * large ™^^l%^Zt™* anSron?Se^Sne? polymer and 

Unless for Preparing ^h^nytenesuslde without spoiyme™ aid U, a^o Wnown (see. for 
aampte. tow^notecular-weight polymers and non-cyefc kw^eaUai^ght 

high-tomperatura treatment te provided a process for the preparation of 

in accordance with me f£***™^J^ „ SSc pofynaBde compound with an alkali 
polyphenylene*ulflde reams, ^JT^L"^ 1 ^ alk^ ™tal hydmsuffide and an alkali 

■ metal suhlda. or hydrogen suWde ^™J^J^£^l p^yptumylene-sulfioe resin, characterized 
metal base in the presence ofan ™ to J***™*^* ^rrteSaTeL, (b) the amide polar solvent Is 
in that (a) the reaction is carta* lo* ^amm^pSyhSde compound, and to) the 

used in an amount not larger than 400 8P° r T , J^o^i^b^od to hot sdid-Bquld separation at a 
potymerfeatlon liquid obtained by compiewmof the r ^f ^ tS^^^T^parated solids are 

« SSerSe of at ^ 50-Cbut "^ ^S^ at teaS^C but below 
washed wtth the solvent used for the reaction, wtvenis whensbv a DOlyphenytene-sulfide resin 

the boiling point , to remove the ^^^ItT^'^L » «E5Sn* according to the 
is obtained which has a cyclic oligomer content lower man 1 5* ay weagm. «. 

■K3- s ^- 
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^functional 

units such as f c^v- Si , ether units such as 



10 



SO 



sir 



_£\_0— £^-S-, sulfone' units such as 
— S0 2 — ketone units such as 

-Oc-O-s-. . 

O 

meta-bonding' units such as 

<5 S : 



The polyphenylene-sumda consisting ^ ^^f^^^^. ^ Q ^□Lberrane such to 
» fldlzing an aroma*: polyhaBde oempound, ^^^ s ^^^^%TS«an metal sulfide, a 
p^lorobenzene or p-<Hbromobenzane. with ^t^^^ an alkali metal hvdrosurnde 

combination of hydrogen sulfide and an aftall metal base and a ^''^ 0 ' ^^^^^^d 
an alkali metal base. The preferred sulfur sources are a Comb*«ton f ^JJT^i 
Slum hydroxide, aodlum sulfide and a combination of hydrogen ailfida ^snd sodium hydrox.de. The wan 
» metal sulfide or alkali metal hydrosulBde may be used In ^ | ^^ H a ^ y f ^ 1Q , a _. [ _ ^ M nexamethyl- 

SnUtJ so that * is not hfcher *ai S* by ^ ^^on m^T^g^ 

the charge, [^^^J^^^^^^S Z^^^ 
- mi ^o^X h TpX^ rcC o^the —on in a reaction or dehydration vease, eoulpped 

^Ze^r TtZ^Z^^^**** po,ymer having a reduced content 
moleSSSi fSySS £Sot bTobtamed by only combine the water moment '^^"^J 
S^^fiT^-^pciyrner depends -^^^o^^oftHeS 
" ** '^TSS ^^^7^^^ T^S^L- "-ever. H the 

S^t^sc^^ "r^^^rc^n^oS 
rl!„T t h, vlew of fte ease of the above-mentioned dehydration and the controltabilrty w 

TTsZ^Z ^reaction. It is preferable to adopt a £ ^^^^ 

SO dehydrating step in an amount larger than the amount used for the reacwn. and the 

d filiation after termination Of the dehydration while the amount of the oW 
ZSd»d control The amoun. of the soWentusedat ^^T^^ 

pSy^^^ 

66 amount of the solvent is important. In general, the solvent .a d<st>lled off after tenmlnat-on of the dehyomuon 
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o> «» -m«iio <«iyi»i» <**v»*a. M ^^^^T^^^ M a^.»'>*MLeM»d 

W^i"^ te Sf~fhe PO^ 

metal base or of the ccmbln^on of ^ ^T^*^^ Ztetic polyhalide compound. The 
metal eumde) should 1^^° ^^.^L r»*£n - canted 

reaction tampocOT rs m the rar^e ^ ^^T ^ tompsroture may be chsngod stopv^so. 
70 » hours. Sines heat is generated .n the ImBel *^ r ?™? ^TaOO'C. but if the temperature w 

After tenrfnason of the ^^'^^^^^J^aSZge of the reaction product from ?* 
excessively towered, the reaction mfedure becomes ^rr™^*,,^^ should preferably 
SS^vLel becomes Impossible. Acc«dlngfy. a P****™"** 'H^te^ed ft* the amount of the 
bT^Ued to the reaction ^*£^^JZ£^™Z£*" performed and 

jS^SE S ^rnTSX^sSST^ a send- 

The diluted and domed reaction mixture Is * ithe rntfher KqukJ adhering to the 

BOM^arator such es .iP^^^ 8 ,,^^^^ so^substanW *<* of the 

a, soparstod soDd "rs remwed by washing ^^^f^^^^^R is nocessary for the operations 
adhering mother liquid. The of at least 50-C but below 

of soW-Oquid soparufion and ^|^^ n r^ ) S^^ ( ^ even H the amount of low- 

tee boning point of the solvent. P^^^J^^ a tn T a m^of the solvent at the time of the 
molecule^elght Imparities can be reduced Iby *^J%^n**^. fanned knv-molecuter 

as reaction K is impose** to ied^ 
weigWtmpurttesmustl^remo^^^ 
Sv^ is ti^ and a Wgher uquldj^^ 
temr^en^ rs too trigh, theje^ 

present invention. It is "^^^^^^^^^ cyclic tow^nolecutarwweiflht com- 
3i of cyclic low-molocular- weight polymera formed as Dy-prooucw, ^ 
pounds represented by the general formula 

" (n ~ 2 to 7. molecular weight = 36 * 756). inclusive of dibenzothiophene of the formula 

(molecu* weight - w+ These ^^-S^KES oX SST^C 

end have a bo.Qng point of ^^^^SiSS^ adverse* affecting the physical 
_ stop, these compounds ere gasified generating m " n *™~~" bv „es chromatography u*ng a 

45 pm^mes- These tewMnolecu^ht -^^^J^^l^^^^^^ 
fremnU decomposition turn** at V^J°"£^ ccmP^oTindustve of drbenzothiophene can be 
to 250-C. Moreover, these ^ ^T^^^^^T^n impact ionization method. Furthermore. 

weight polymers are compounds of *e general formula 
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(n = 0 to3, molecular -eight - 225 10 579) and compound* represented by the gene™, formula 

than placed into contact with water onmiw" .."LI,--, «, goiiurfl chloride by dissolution Is performed 
— * ^Tll^T^^ severe, times. Under an 

" the m ^ of ». 0 ^n^ 8 Cd^ S 

as a special mokflng materia Accordingly ^^r^ n T^ vSTof the polymer. Is 

^•JXTwhereby the molecular weight* JH«SH*P» ^general, 

Increased. Therefore, this partially ^"^Pf^ 2VTEI^d2JEE tempore of 200 to 

30 partial conking can be °«*mplished by '^ff^^^X a?2B0^ by using a 

270-C under circulation of 1r or by ."T^ ^H^n^SdO ^rSoX E Sd. partial crossllnMng 
device such as an extruder. If an oxidant audi as ^^^"^^ZS^^ZmSo^ ahould be 
can be accomplished at a relatively ^^P^^^^^^J^Ta p*Zc^Hnking. 
adjusted to 70 to 500 M. especially B0 to 400 P *^™*^ ^aK^WS teeter and a 

35 Incidentally, the melt viscosity la measured under a load of 10 kgf by using a Kokfl typ» 

According to the process or P 1 ^ 1 ^ n ^T » . d ^yphenytene-eurfide resin In 



Example I 



A stainless steel 
charged with 01 0 



a< autoclave equipped with a partial condenser and having a ^Sf^TJZ 
Charged vnth 9, g (07^) of |^ J^^*^?!^ -K n^af^tnt 

50 cooled to 170-C. Then. 102.9 g (0.7 mole) of r^lc^oroben^ adc^ to ^ reason jjj 

reaction was canted out under a nitrogen gas pre**™ J? P * T So-C, *e Inner 

for 3 hours at 260-C After termination of ^^J^^^^^^^^^S was diluted with 
pressure was gradually allowed to return to fbnospharic procure, ^^^^Traduced pressure 
U0 g of N-methylpyrrolldone heated at I80-C- Thence ^™ "f^^^SS Tstoel net having a 
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suffide supplied by Phillips Petroleum Company. U.S-M was amlariy measured, n 
dfcenzothlophene contort was 4,700 ppm- oowderv ooMnar. and the polymer wbs heaMreatod 

A breaker we* changed wfft SO ^.^J^f^^.S^'tSn. When the beer treatment was 
in a hot elr drier n^rrtrined at ^ ' ^ te *™ 'p^TaTSs SH« po<y«>er was cool ed and the 
« conducted far 6 hours, the melt vfecosftybo^me^P> ^ JJ*^ (w| £tod by Phiiaps Petroleum 
treatment w*s stooped- The obtained powdery T^to U ^cterSjIy. when m* of Eh 

rnmrlim/ ircA \ ware analyzed* The obtained resitts are snown «• ' ;T«r 
SS'J^^lSSJSSd. thedrt^senshhmywesroduoedtDMa 

ts Table 1 

jgolymsr of ""^ 1 RytCQ £3 — 

* 2.1 

2,790 





Methylene chlorate extraction 
ratio <%) 


0.48 


26 


DilDenzathijcsph^e content (EExn) 
m/z of EE-MS 


290 




184 






216 






324 




99 


432 


+ 




540 


+4- 




648 


+ 



55 



Otter m/z was not Other m/z was 

detected in substantial airounfcs detects 

As is apparent *e **utts 
the poJyph^ena-ajtfide resin obtainod acconSng to the proems of tfie preseni invtmuu. 

ttian m the commenaaily evai labia product 

CompHfafive Example I 
AporyphenyVma^de 

same manner as described in Example I except th^ P^^ban^^was aooeo to 
In 130 g of ^^;f N 3 P t < 3n rnS fS mSS? was Ultered « room 
SSentT^^i ^TL^^descrlPed in Example L As a result 73 g of a white 
powder was obtained. 
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point the best treatment was stopped. The mstnywne cmonoo ww*- 



5 2j6%. 



to 



16 



SO 



Example 2 

An auttdave having a capacity of «0 1. whi*was 
80 mm and a length of WOO mm and a ~~ H^j^Z ^S^qoeous eotfum 

(0.07 kg^ole) of flaky M ^^^^^^^^S^^X^-^ carried out 
hydroxide and 21 kg of NMP ^ SSon mixture became 2»-C and the 

under circulation of nitrogen ges- ^f^T^Tof^ ^SZSZ dehydration was stopped 
distilled amount of ^^""^^1™ ^J^kTtO^^oTejTp^chkxoben^oe. 12.7 g (0.07 
and the mixture was cooled to I70-C. Then, H.28 Kfl (U ^V7 ' ' ' r. LT^* reaction was carried out 

<«*•> * 't^'^r^'Vo^Vpa^S-cTa ££.' ^T^cXThoun, The* the 

Common M» was carried out * l^g^J!S!S^tS!^t ^NMplSrnUied at 
adhering mother liquid wee ^^Z^^^Jt^^^ ^^ <*> Torr). sofid was 
150'C. Then, the wet cake was dried at 150-C undera nrtuced P^ 5 ^ delontosd water to remove 
» washed ttxee times with 4S kg of ^Mj?' ? SO Ton- to obtain e grayish 
sodium chloride. The soli* ««e dried « » C under ( educed P£^£ , n an oven while 

white powdery polymer. Thej^ w^BS^t^^Wmer w» he^eatso ^ ^ ft 

being stirred, and when the melt wscosny reached ^J^^*™"^ ^ extruded in the form 
t _ ^ for *he measurement of the mechanical strength, tne porymer w» u^.^ 
sonpte te f» us ~^^ i ^7T^ m te ^ gBinfl ^ extruder, and the strand was chipped. Mowing 

properties of the molded article were detetmined. The results obtained aw shown in T*»ie 

as Examples 3 through § and Comparative Examples 2 anO 3 

Polyp^nvlene^nde resins were prepared In me same manner jj-"* 2 

lbs condWo^s ware those shown In Table 2. Tne results oDtaned are shewn In Table Z. 
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Claims 
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l A process for the preparation of poSypheoytene-sulfWe resins, whk* ^P^j^i *" 

compound wHh an alkali metal sulfide, or hydrogen bifida end " 8 Jj£ ca J 

n^hydmsuffide and an alkali metal base In the Presence* an amWo polar a 
nolwhenvtono-sulflde resin, characterized in that (a) tho reaction is earned out av the absence of a 
SSztftaTaM <b> the kmide polar solvent is used in an amount not larger than 400 o per rnoleoMhe 
SX^ r^d < c ) the polymeriz-ton liquid ^'"^^'^^,^7^ 
SSadVS eoTKMqSd Mpxl* at a temperature of at least 50-C W talow Ihe botfng PO^Jhe 
Svertused. and the separated ootids are washed with the solvent used tar ^^.^• w ^!^ d ^ 
a^rn»retura at least SO- C but below its boiling pott, to remove the mother ^djeMnQto «» 
LSS a prtvphenyiene-surfide resin is obtained ^^^tnSoT oontem tower than 
15% by weight as determined according to the methylene chloride extraction me*cd. 

1-iWocess according to claim I wherein the polyphenylene-sulflde ream prepared has at least 80% 
by mole of recurring units represented by the formula 



29 



3. The process according to claim I wherein the amide polar solvent te hexwnethyiphosphoramlde. 

hydrogen sSdeand alkaD metal base or of the combination of alkali metal *^**^^£Z£ 
90 SeVwteulated as the alkali metal sulfide Is 0J>8 to U» motes per mole of the aromatic polyhaflde 

^Trnt process accoroing to claim I wherein the reaction is earned out at a temperature of 200 to 280-C 

^ T^p^cess secerning to claim 1 wherein the polymerization liquid obtained by comp^ofthe 
35 reaction Is diluted with the amide polar solvent to such an extent that the aokds content In the diluted liquid 
la 20 to 35% by weight, and then subjected to the hot solid-liquid separatee. 

a T3w p2osS according to claim I wherein the solid-fiquld separation and the solvent-washa* are 
carried out at a temperature of W°C to 190 °C. 
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